DNA, the most significant genetic material of living organisms, has a unique double-strand structure composed of definite nucleic acid base pairs. 1 DNA has become the most functional material in life sciences with the development of genetic engineering and nanotechnology. 2-4 DNA networks have used not only as electronic materials in electron transport and conductivity measurements, but also as biomaterials for medical and environmental applications and as optical materials for DNA-dye compounds applications. [5] [6] [7] [8] [9] [10] It is difficult to get a homogeneous and large-scale DNA network on various solid substrates. Recently, Kawai et al. and our group have obtained the DNA network on the mica surface and investigated it by atomic force microscopy (AFM). [5] [6] [7] [8] Because mica contains potassium as a component, the surface structure of a mica substrate is considered to be unstable when exposed to air or water. Later, Kawai and coworkers reported that a DNA network formed on highly ordered pyrolytic graphite (HOPG), which fits AFM or scanning tunneling microscopy (STM) investigation. 9 It is a pity that there are some mimic structures of DNA strands on HOPG. 11 These mimic structures on HOPG confine the applications of DNA network. An approach to obtain DNA networks fabricated on different solid substrates that are stable in air and water for a long period, and which are suitable for all kinds of scanning probe microscopic techniques, such as AFM, STM and scanning near-field optical microscopy (SNOM), would be a great advantage. Herein, we report some DNA networks constructed on some kinds of translucent or transparent solid surfaces: glass and sapphire, besides mica. Moreover, combining with our experimental results, we discuss the factors that influence DNA networks formed on different solid substrates.
Experimental
Preparing DNA networks DNA pBR322/pstI (4361bp) was purchased from SinoAmerican Biotechnology Company (500 ng/µL, Branch Department of Beijing, Beijing, China), and diluted to a concentration of 60 -260 ng/µL (according to different experimental demands) with 18.0 MΩ double-distilled deionized water, pH = 7.0. We chose four translucent or transparent substrates: glass, sapphire, mica, and titanate strontium as the substrates of DNA networks. A 6 -12 µL DNA solution droplet with the concentration of 60 -180 ng/µL was dropped on freshly cleaved mica and spread throughout the substrate.
The latter three substrates were dipped into potassium dichromate lotions for 4 h to remove some impurities on their topsides, rinsed using double-distilled deionized water, and dried in air before use. The ultrasmooth sapphire and titanate strontium substrates were hydrophobic while the DNA molecules were hydrophilic. Thus, it was necessary to first make the surfaces of the sapphire and titanate strontium become hydrophilic. For this purpose, these two substrates were wettreated with aqueous solutions of 0.005 -0.5 mol/L Na2HPO4 and then naturally dried in air. 12, 13 A droplet of 6 -15 µL DNA solution with the concentration of 80 -260 ng/µL was cast on the surfaces of three kinds of treated solid substrates: the glass, sapphire and titanate strontium, the drop extended throughout the substrate. All of the reagents were used as received from the company without further treatment.
AFM imaging
AFM images were collected using a Nanoscope IIIa Multimode System (DI Veeco, Santa Barbara, CA, USA) in the contact mode under ambient conditions in air after the sample solutions on the solid substrates had dried. The V-shape Si3N4 cantilever (the length of 200 µm, a force constant of 0.06 -0.6 N/m) was used at scan rates of 1 -2 Hz. The acquired AFM images shown in this article are free of modification, except for flattening to remove the background curvature of the substrate surfaces. The peak-value statistical data of the DNA network heights were obtained by a diagonal sampling method (100 sampling points). 8b
Results and Discussion
Figures 1a and 1b show AFM image and section analysis for DNA network on the mica substrate. In these figures, the concentration of DNA sample solution is 80 ng/µL; the volume of DNA sample solution is 8 µL. The substrate is covered with a uniformly two-dimensional DNA network. Both the DNA strand and the mesh can be seen clearly (shown in Fig. 1a) . The topview image of the zoomed DNA network fabricated on the mica surface is shown in Fig. 1c to clearly see its structure. The height of mesh varies from 1.1 ± 0.2 to 2.5 ± 0.5 nm (shown in Fig. 1b ) and the peak value of the mesh height is 1.5 ± 0.3 nm (see Table 1 ) which is a double-layer height of double strand DNA (dsDNA) in contact mode. 14 We find some similar results with plasmid DNA fabricated network, that the linear DNA concentration seriously affects the formation of the DNA network structures on the mica substrate. 8 The DNA concentration is too low to cover the entire surface of the solid plates. When DNA concentration is low, the mesh size is large; once DNA concentration is increased, the mesh size becomes small. However, if the concentration of DNA sample solution is high not to form the DNA network structures, but the bundle structures. In our experimental results, the concentrations of DNA, which are suitable for the formation of DNA networks on mica sheets, are 60 -180 ng/µL. Figures 2a and 2b show AFM topography and section analysis for DNA network on the glass substrate. In these figures, the concentration of DNA sample solution is 230 ng/µL; the volume of DNA sample solution is 10 µL. The substrate is also covered with a two-dimensional DNA network, but the DNA chain and the mesh become vague in contrast to that of the mica substrate (shown in Fig. 2a ). This may be due to the higher concentration DNA sample causing the smaller mesh of DNA network. The height of mesh varies from 3.6 ± 0.2 to 7.0 ± 0.5 nm (shown in Fig. 2b ) and the peak value of the mesh height is 4.5 ± 0.3 nm (see Table 1 ), which is a tetra-layer to hexa-layer height of dsDNA in contact mode. The topview image of the zoomed DNA network constructed on the glass plate is also shown in Fig. 2c . According to the topview image, we can clearly find many small meshes. In our experimental results, the concentrations of DNA, which are suitable for the formation of DNA networks on glass sheets, are 90 -260 ng/µL. Figures 3a and 3b show AFM topographical image and section analysis for DNA network on the sapphire substrate. In these figures, the concentration of DNA sample solution is 100 ng/µL; the concentration of the wet-treated inorganic salt solution, Na2HPO4, is 0.1 mol/L; the volume of DNA sample solution is 6 µL. As for the sapphire surface, the key to fabricating DNA network on its topside is the control of the concentration of the inorganic salt solution, Na2HPO4, along with the DNA concentration. In our experimental results, the available concentrations of the Na2HPO4 are 0.02 -0.2 mol/L. If the concentration is too high, the salt layer covers the DNA network. The hydrophilicity of the surface is not enough if the 
concentration of the Na2HPO4 is too low. The concentrations of DNA that are suitable for the formation of DNA networks on the sapphire plate are 80 -220 ng/µL The substrate is covered with a layer of two-dimensional DNA network, but DNA chains seem to form single-layer parallel bundles and are partly covered by the wet-treated inorganic salt, Na2HPO4; thus the mesh becomes irregular compared with the cases on mica and glass substrates (shown in Fig. 3a) . The height of mesh varies 1085 ANALYTICAL SCIENCES JULY 2004, VOL. 20 Fig. 3b ) and the peak value of the mesh height is 0.8 ± 0.15 nm (see Table 1 ) which is a layer height of dsDNA in contact mode. From the topview image of DNA network fabricated on the sapphire surface, we can also see some DNA network structures (shown in Fig. 3c) . In contrary to the sapphire substrate, as for the other hydrophobic plate, titanate strontium substrate, we did not obtain any DNA network structures even if it was also wettreated by Na2HPO4 solution to make it hydrophilic.
Moreover, according to the AFM data, the heights of the DNA network are different on distinct solid substrates. The different interactions between DNA molecules and various solid substrates may cause the different network heights and structures among mica, glass, and sapphire. Muscovite mica (K2Al4(Al2,Si6)O20(OH)4) and glass (SiO2·nH2O) are hydrophilic surfaces, due to -OH binding on the topmost layer. The interfacial tensions of these hydrophilic surfaces induce DNA sample solutions to spread immediately and many DNA molecules can be adsorbed on their surfaces once DNA solutions were deposited on them. Furthermore, 8 -34 kJ/mol of hydrogen bond is formed between the hydroxyl group on these two surfaces and the oxygen atom of the phosphoric group of DNA molecules, along with the Van der Waals force. 15 Thus, DNA molecules are adsorbed strongly on the mica and glass surfaces. DNA molecules piled up on each other as the DNA can not migrate on glass plates. And some large DNA bunches that formed among DNA molecules on the glass surface owing to the electrostatic repulsion disappeared, in contrast to mica surfaces. 8 These results explain why the height data of DNA network on the glass surface are higher than the data on the mica surface. In the cases of sapphire and titanate strontium, however, the DNA molecules weakly adsorbed on their hydrophobic surfaces by Van der Waals forces and can move on their surfaces. 16 Therefore, the height of the DNA network on the sapphire substrate is lower than the heights on mica and glass plates. The force may be so weak that DNA network cannot form on the titanate strontium surface. Hence, according to the network height and structure data of AFM images, we can deduce that the hydrophilic capabilities of the different substrates might influence the formation of the DNA network structures on them.
In AFM observations, generally a freshly cleaved mica substrate is used as the substrate, due to its atomic smoothness. Most of time the DNA network is fabricated on mica, but it is translucent and is not convenient to collect transmittivity information. The advantage of using glass is that it is transparent and one can collect transmittivity information by SNOM in future. In addition, it is well known that the refractive index of DNA is ∼1.50 (dry sample is ∼1.30); that of muscovite mica is 1.611; that of glass is 1.458; that of sapphire is 1.762 -1.770 and that of titanate strontium is 2.410. 17, 18 The advantage of utilizing the sapphire and titanate strontium is that the refractive image information of DNA network can be collected by SNOM, but mica and glass plates cannot be so used. It is a pity that the DNA network cannot be obtained on the titanate strontium surface even it is wet-treated by Na2HPO4 solution.
Conclusion
Altogether, we have fabricated the DNA network structures on glass and sapphire substrates, along with the substrates generally fabricated on a mica plate. As a contrast, we could also construct DNA network on mica surface despite our failure on a titanate strontium surface. The mesh size of the DNA network is related to the DNA concentrations.
The topographies and heights of DNA network on various solid surfaces are different and depend on the interaction between substrates and DNA specimens. This convenient, inexpensive, practical method for constructing DNA networks on various translucent or transparent solid plates is helpful for people who discuss basic scientific research in electronics, medicine and optics; the method also has applications in environmental engineering concerned with DNA networks.
